Knotweed Treatmenin the Cedar River Municipal Watershed
2019

Annual Reporffor Seattle City Council
Transportation and UtilitiesCommittee

Julia Munger
Major Watersheds Invasive Species Program Manager
Seattle Public Utilitied)Vatershed ManagememDivision

Decemberl9, 2019



TABLE OF CONTENTS

EXECULIVE SUMMAIY. .. .cciiiiiiiiiiiiiis s e e e et s s e e e e e e e e et e e et e e e e e e e e e eeeeae s et s e e eeeeeeeeenesnnsnnnaaeeaees 1
L1 (oo [ Ti 1T} o FO PRSP 2
[ 7= Tod (o [ (o 11 ] o PP RUSUEUUPRURR 2
DIVEIS OF CONTIOL. ..ottt e et e e e e e e e e e e e e e e e e e e e e e e e e e e s aaaaannaas 2

1Y L=Y 1§ aTo o LSOO POTOO PR 3
KINOTWEEH SUIVEYS......uuiiiiiiiiiiieiiee et e et ettt et e e e e e e e e e e e e et e eea e et s st st s e s e e e e easeeeerebesbbessaesaeeseeeeeeeeeaaaaaaes 3
LG LT L T LTS UPUPPUPTRPPPPTR 3
TrEAIMENT LOGISTICS. .. .veeteeeeiiiitit it e ettt ettt e e s ettt e e e e s sttt e e e e e s aab b e e e e e e e e ansbbnneeeeeeaan 6
S]] ST PRPPP 7
Amount of IMazapyr APPIE.........uee e e e 7
IMazapyrTreatMent RESUILS...........uiiiiiiiiie et e e e e a e 7
Water QUality TEST RESUILS.......uuiiiiiiiiiiiee e e e 8
L7011 £ TSP PPPPPTRR 10
(0701 [od 11151 o] 4 B OO PP PPPPPPRPPPPIN: 13
LongTerm Implicationgor Knotweed CONtrOL..........coovvviiiiiiiiiee e 13
Additional INfFOMMALION..........iiiiiie e e e e e e e e e e e e e e aaaaaaeeeeaeeaseaaeaaaanns 13
) (=] =] Lo USSP PPPRRR 14
Appendix A: Risk Assessment Literature REVIEW..........uuvveiieiiiiiieiiiiiiieeeeeeee e Al
Knotweed RISKS and CONLIOL...........cooiiiiii et e e e e e e ae e e e e e e e e e e e s s s s s ea e s eeannnnes Al
RiSks POSEd DY KNOTWEEA. ........coiiiiiiiiiiiiee et e e Al

N L01 ATV To @] gl (o] I @] o1 1o o 13 A3
Knotweed Control in the Cedar River Municipal Watershed............cccoccoiviviiiiiiiiiiiieeenns A3
Imazapyr TOXICitY and RISKS..........ooiiiiii i e e e e e e e e e e e e e e e e e e aa s e e e s e e e e ennes A5
Imazapyr Risks to HUMaN Health...........oooiiiiiie e A5
IMazapyr RISKS 10 WIlAITE. ... A-6
Imazapyr RiSKS t0 POINAIAIS. .....uveiiiiieiiiiieee et A-7
IMAZAPYT CREIMISTIY....eiiiieiiiite ettt e e s st e e e e e e e r e e e e e e e anbbnneeeeeean A-10
Imazapyr Mode Of ACHQN............oooo e e e e e e e e e e e e e e e A-10
Imazapyr Breakdown Process and BYProduCLES...........ccoooviiiiiiiiieeiiiiiiiieeee e esiineeeee e A-10
IMAZAPYT AGJUVENTS.....uuiiiiiiiieeiiee ettt e e e e e e s e e a e e e e e e e e s eeeeeeaeeaeaaaaeas A12
TaTeT T r=To L= o £ P A-12

YU =T =T g A-13

L] (=] €= o LTSS A-14
APPENdiX B: Sit€ RESTOIALION.....ceiiiiiiiiiiei ettt e e e e e e e e e r e e e e e e aanes B-1
Education Center RESTOIALIAN. ..........ocuuuiiiiie et e sttt e e e e s s s e e e e s s sbrneeeeeeeans B-1

Taylor TOWNSItE RESIOIALION........uuuii i e e e e e e e eeeer s e e e eeaeeeeesennnnd B-19



EXECUTIVE SUMMARY

Seattle Public Utilitie€SPUhas been treating Bohemian knotwe@@olygonunmx bohemicum)

in the Cedar River Municipal Watersh@RMWwith the herbicide imazapyannually since
2010 Bohemian knotweed poses threats to both water quality and habitat within the CRMW
(Appendix A)Fourcity ordinances have authorizethazapyrtreatment (2010through2012,
2013through2015,2016through2018 and 2019 through 2031This report summarizes work
conductedduring2019

All ordinances have limited the herbicide use to imazapyr only, with ongoing monitoring, water
guality testing after each treatménand annual reports to City Cound€ver the pasten years
knotweed has been treatedith imazapyracrossan estimated28 acresannually most

knotweed patches have been treatedery year butsome areasave receivedewer

treatments. It oftentakesmany years o€onsecutiveannualtreatments to eradicate large
knotweed patches

Herbicide use closebligns withthe total knotweed leaf biomass, because the herbicide is
applied to all leaves on each plafihe maximum legally alloweabplicationrate forimazapyr

is 96 ounces per acréhe maximum @ount used in the watershedas26.9ounces per acre
(atotal of 678 ounces) irR011 andhas been as low as 0.4 ounces per acre (in 20I®steady
decrease in knotweed foliage has led to a corresponding decrease in total imazapyr quantities,
as well as a decrease in the amount of herbicide applied per acre.

From 2010 througl2016 SPU stafSurveyed over 1100 acres of offoad habitatfor knotweed.
No additional offroad habitat was surveyed in 201frough 2019ue to staffngshortagesand
transitions. In 2013 several moreacres of knotweed, moltat Tayor Townsite, were found
and treated for the first time. Nother patches were foundn 2014through2016 In addition
to the 1,100 acresstaffalso survey approximately 475 acres ofraf&d habitat and over 300
miles of road annually.

Water quality testing has yielded 14 imazapyr detections since 2010, out of 99 samples
collected. Eleven out of the 14 positive detections have come from Taglensite, whicthas

the most knotweed in the watershedhere were two detections of imazapyr in the 2019 water
samples both from Taylor Townsite. These detections were not surprisBRU applied 72
percentof herbicideusedin 2019 at Taylor TownsiteP8 treated several large patches of
knotweed that were located on the bank of Taylor Overflow Ditehere the water samples
were collected Taylor Overflow Ditch does not flow into the Cedar River.

Two of thelargest knotweed site Cedar River Watershdeducation Center and Taylor

Townsite) have had extensive restoration effontgh removal d invasive species and planting

of native treesand shrubsstarting in 201&nd continuing through 2017. No additionsdtive

plants were installed in 2018 or 2019, but invasive species removal was performed both years
Additional site restoration information is available in Appendix B.
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INTRODUCTION

BACKGROUND

The highly invasive species Bohemian knotweed poses an extreme ecological threat, especially
to riparian areagAppendix A)Many years of experience by multiple agendrethe Pacific
Northwesthave found that herbicide is the only way to successftiat large patches of

knotweed. Consequentlgince 2010SPUhas been treating knotweed within theRMWunder
special ordinances that allow the limited application of the herbicide imazapyr.

To date a total offour ordinances have been passky Seattle City Couneillowing knotweed
treatment with imazapyr, each for a thrgeear period Thislimited authorityallows oversight
and feedback from City Counaitd interested stakeholdem@n the knotweedorogram.The first
three ordinances were for treatment from 2010 through 2012 (Numb28365) 2013 through
2015 (Number 124191and 2016 through 2018 (Number 12485Ph)e most recent ordinance
(Number125813 was passed oApril 29th 2019 andallows treatment through2021. All
ordinances have limitethe herbicideuseto imazapyronly, with water quality testing after
each treatment, ongoing monitoring, and annual reports to City Council.

DRIVERS FOR CONTROL

Knotweedon the Cedar River and its tributaries is regulated by the King County Noxious Weed
ControlBoard(KCNWCBJndis legally required to be controlledegal control is defined as
preventing the dispersal of all propagating parts capable of forming a new ({arg County

2018). Because knotweed can propagate from small plant fragments, complete removal of
knotweed along the Cedar River and its tributaries is necessary to fulfill this obligation. In
addition to legal requirements, SPU is obligated as therapst steward of the Cedar River to
control knotweed along itstreambanksand tributaries Downstream of Landsburg Dam, SPU,
Forterra, and King County have received grant funding to remove knotweed and restore
riparian areas along the Cedar River. Fatliingontrol knotweed upstream of Landsburg could
render these efforts uselesas fragments cafloat downstreamand create new plant colonies.

SPU focuses on being effective stewards of the municipal watershed lands and resources it
owns. Restoring and maintaining healthy forests, wetlands, streams, and lakes in the municipal
watersheds that supply Seattkrea residents with drinking water igaiority for SPUThese

healthy ecosystems provide the abundant and kagiality drinking water on which the citizens

of this region dependProtecting water quality for human use also protects resources used by
other species. Lands of the CRMW ar@naged under the 5fear Habitat Conservation Plan
(HCP), which requires that SPU promote and protect native diversity of plants and animals.

Knotweed is a costly and destructigkant, due to its rapid growthits tendencyto quickly
displace native wvgetation, andits ability toalter soil and water chemistrnA summary of the
risks posed by knotweed to the CRMW is presented in Appéndix



METHODS

KNOTWEEBURVEYS

In 2013 followingrecommendations from interested stakeholde&?Udentified over 1,500
acres of offroad habitatthat potentially couldcontain knotweed, based athe location of
known knotweed patchestreams and othewater bodies, andhe extent ofdeciduoudorest
canqy. None of these sites hgateviously been surveyed for knotweethese areas were
sorted into high(1,219 acresand medium(388 acrespriority based on their proximity to
existing knotweed and flowing watefhese offroad surveys weraitially successful in finding
more knotweeal patches. In 201,38PUound a total of 2.15 additional acres of knotweed (most
in Taylor Townsite), all of which were treated for the first time that yeBy the end of 201,6
less than 10@cres classified as high priority remadtto be surveyedand no further large
knotweedpatches hadeenfound (Figure 1).No additionalsurveys were conducted 2019
Surveysare scheduled toeecommence ir2020.

In addition to these prioritizedreas, SPU also annually surveys approximately 475 acres of off
road habitat. This includes all known-offad knotweed patcheandareas routinely surveyed

for other projects (e.g., wetlands surveyed for amphibian egg masses). These surveys were
completed in2019 and SPU anticipates this level of survey to continue. SPU will include
additional priority acres as funding and staffalgpw. SPU also conducts annual comprehensive
invasivespecies surveys of motean 300 miles of road and 13 gravel pits (8 of which are
active) as part of the Early Detection/Rapid Response protocol used by the Major Watersheds
Invasive Species Progranmiglevel of roadurvey is expected to continue.

TREATMENT AREAS

In2019 SPU surveyed all areas previously treated with herbicide and treated the small
scattered individual plants (Figure Bigh prioritylocations weresurveyed andreated in 2018
but not all locations were visitedue to time constraintsiFeweracres contained plants in 2017
through 201%han in previous years (Table 1). Most sites have now receivedor tenannual
treatments, with a small number of patches receiving a totaenfenor eighttreatments by

the end of 209.

All knotweed patches have been mapped as polygons using a handheld Global Positioning
System (GPS). In this report and all previous reports, knotweed acreage has been derived from
estimating the percent cover of knotweed throughout these polygons, ancethes all

reported acreage is approximate.
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Figurel. Offroad areas of high and medium priority to surveyiforasive specieplusannual surveys and
areas surveyeth 2010through2016. No further offoad surveys were conducted in 20thfough2019
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Figure 2 All previouslytreated knotweedpatchesin the Cedar River Municipal Watershédost patches have been
treated for ten years



Table 1. Estimated Acred KnotweedTreated by Site and Year
Hydrographic 2013 2017
Boundary Site 2010 2011 2012 2016 2019*
Masonry Dam 0.3 04 0.6 0.7 0.3
i Cedar Falls In 16 16 16 1.6 1.5
Inside . Rock Creek
Hydrographic 4.4 4.4 4.4 4.4 4.4
Boundary Complex
Road Patches 4.2 4.2 4.2 4.2 4.2
Cedar River 1.0 1.0 0.8 0.7 0.1
Cedar Falls Out 1.7 18 18 18 15
Outside Ed Center/
Hydrographic | Rattlesnake Lake 3.0 3.1 32 33 1.7
Boundary Border 1.1 1.1 1.1 1.4 1.0
Taylor 0 7.6 7.7 9.3 8.8
Total IrsideHydro Boundary 115 11.6 11.6 11.6 10.5
Total OusideHydro Boundary 58 136 138 158 13.0
Grand Total 17.3 25.2 25.4 27.4 23.5

1 Yeas are grouped because knotweed acreage did not change substantially durinditheames.
2Border patches are all patches outside of the hydrographic boundary that are not at Cedar Falls, the Education
Center, Rattlesnake Lake, or Taylor Townsite.

TREATMENT LOGISTICS

In 2019 SPWsed the same application method ahdrbicideconcentration agprevious years
i.e., a targeted backpack foliar spray gfdrcentaquatic formulationmazapymixed with1
percentmodified vegetable oil surfactant andsanall amount ohon-toxic blue dye in wateit
was applied strictly aording to label instructions, including restrictions sucmatsapplying
during rain, wind, or temperature inversioAll the same safety procedures were followed, with
certified herbicide applicators on sifeerformingthe mixing of the tank solutions. No spills,
injuries, or any adverse effects were incurred by staffontractorsconducting the

applications.

Knotweed plants weresmalland difficult to see amongst the thick understory of shrubs and tall
grassduringthe 2019 spraying seasoim adlition, plants had a large variation in timing of
growth, with small newly emergegdrowth foundas early as Magind as late a®ctober.To get
as much herbicide into the roslystem as possibl§PUscheduleghe herbicide applicatiorior
when the plants havput on maximunieaf growth but befae the leaves starto senesceSPU
also aims to treat knotweebefore the plant starts to floweto avoid pollinatorsThis timing
variesdepending on elevation and sigpecific conditions. For untated knotweed at
elevatiorsin the CRMW/flowering generally occurs marlyto mid-September, sthe target
timing islate August The other primary consideration on timing of application is the weather.
August iggenerally the driest monthyith September weather being less predictalfter these
reasons SPlWbegantreatment during Augusin 2019



RESULTS

AMOUNT OF IMAZAPYR APPLIED

In alltreatment sites combinedhe average applicatiorate in 2019 was1.1 ouncesimazapyr
per acre Themaximum allowable ggicationrate of imazapyr i96 ounces per acrger yeatr
The btal anount ofimazapyrappliedin 2019 was25 ounces spread oveapproximately23.5
acres.The total amount of herbicide applied haseadilydeclined since 201 1from from ahigh
of 678 ounces applied in 201tb a low of10 ouncesapplied in2018 Imazapyr use was higher
in 2019 than 2018 because not all patches were treated in 2018. SPUdeverl large,
flowering patches of knotweed in 2018 and did not spray them due to the presence of
pollinators. These plants were treated in Zihstead.Herbicide is applied using haimeld
sprayers, and each leaf is sprayed with imazapyr. The decre&setweed foliage has led to a
corresponding annual decrease in total imazapyr quantities, as well as a decrease in the amount
of herbicide applied per acre (Table 2).

Table 2. TotaPmount of ImazapyrApplied andApplication Rate by Year.
Year Amount Imazapyr ApproximateArea 'Approximate
(0z) Treated (ac) Application Rate (oz/ac

2010 334 17.3 19.3

2011 678 252 26.9

2012 244 254 9.6

2013 169 275 6.1

2014 121 275 4.4

2015 61 275 2.2

2016 50 275 1.8

2017 34 23.5 14

2018 10 23.5 0.4

2019 25 23.5 1.1

IMAZAPYR TREATMENT RESULTS

Most of the knotweedsiteshave shown @&ontinued decline in foliag&bove groundknotweed
leafbiomassn 2019 had declinal significantlyfrom 2011levels,indicated by thedecreasean
total imazapyr usedBecauseSPlLattemptsto evenly coat every leafn each plantthe total
annualapplication amountsused to estimate changes i@af biomass and demonstrates the
succes$SPU hakad in decreasing knotweed in the municipal watershed.

Many of the smaller knotweed patches had either no or very few small stelost of the

larger siteghat havereceivedsixto ten previous treatments stithad small to medium
knotweed plantsscattered throughout the site, indicating thtte large root nass, although
clearly damaged, was not yet ded¢hotweedrhizomes (roots that can sprout) can be up to 65
feet longand seven feet deef5oll 2004 It is importantto wait until all rootsegments send up
shoots scenoughherbicidecan beapplied toeach segment ahe root system to Kill it.



Because roots caremain dormant for up to 20 yeakgithout sending up shootghis process
can takedecades (Parkinson and Mangold 208x)mevery large plants were found at Taylor
Townsite and Rodkreek Complei 2018, indicating that they had not been treated in several
years. Due to the complex nature of these sites, it is not surprising that patches can go
undiscovered for several years at a time. Because these plants were in flower at thaf time
discoveryin 2018 they werenot treated to avoid disrupting pollinators. These plants were
flaggedin the field and their locations were recorded on a GBBU treated these patches in
2019 See AppendiAfor a complete discussion of knotweed treatment, flowering, and
potential effect on pollinators.

WATER QUALITY TEST RESULTS

In eachyear,2010through2019, water samples were taken both before (baseline) and after
(posttreatment) the herbicide applican. Samplesretaken from two locations on the Cedar
River (oneat the point closest to a knotweed patchpproximatel\250 feet awayand the

other at the Landsburg water supply intake facility), one location at Rattlesnake Lake, and one
location on a small eek running through Tayldiownsite.In 2019, a sample site at Hotel Creek
was addedAll water samples were analyzed farazapyrat Pacific Adgcultural Laboratory

(PALD nearPortland, Oregon.

Sampling protocol from 2010 througl®27 involved water sample collection on the same day
that herbicide application was taking place in other areas of the watershed. Staff who collected
water samples were often wearing clothing or boots that were worn while applying herbicide.
Disposable ghes that were used to collect water samples were stored with herbicide
equipment and came from the same box as gloves that were used to apply herbicide. During
this time, there were several water quality test results that were unexpected and have been
attributed to selfcontamination. A test in 2011 that detected imazapyr prior to application at
Taylor Townsite is believed to have been-selfitaminated. In 2015, a detectiaf 0.099 parts

per billion (ppb) was found at the Landsburg intake facility. SPidadovith PAL and

determined the sample was likely contaminated during collection. Additional unexpected
detections came from the Cedar River and Landsburg in 2016, and from one sample in 2017.

Other detections have come from Taylor Townsite, which is located outside of the drainage
FNBF 2F GKS YdzyAOALIf & GSNJ adzLILI @ odzi 6AGKA
This site contains more knotweed than any other site treated by SPU, ngsuitmore

herbicide applied in that area than any other. A small ditch, Taylor Overflow Ditch, runs through
Taylor Townsite, and then flows into Issaquah Creek. Taylor Overflow Ditch does not flow into
the Cedar River and is thus unlikelyafifectthe water quality at LandsburgHowever, Taylor

Ditch diverts water from Hotel Creek, which flows into the Cedar River. It is possible that small
amounts of water from Taylor Ditch may end up in Hotel Creek. In 2019, a water quality sample
site at Hotel Creek vgaestablished. Theater samples from Taylor Townsite were taken from
Taylor Overflow Ditch, and it is likely that most of these samples were detecting imazapyr that
entered the ditch after application due to the higher rate of application in this ared, an



because knotweed grows directly along Taylor Overflow DRctummary of all herbicide

detections is in Table 3.

Table 3.Summary of Herbicide Detections During Imazapyr Treatment, 202018

Ordinance Location Amount Detected
Number Year Date (SampleNumber) (Mg/L or ppb)
123365 2010 7 samples collected 8/30/109/15/10 from throughout the watershed

yielded no detections.
2011 8/1/2011 Taylor (Bagline) 0.07
8/3/2011 Taylor (Post #1) 0.12
8/17/2011 Taylor (Post #2) 0.02
7 additional samples collected 8/1/1¢18/30/11 from throughout the
watershed yielded no detections.
2012 9/5/2012 \ Taylor (Post #1) 0.12
8 additional samples collected 9/4/X210/8/12 from throughout the
watershed yielded no detections.
124191 2013 9/11/2013 Taylor (Post #1) 0.042
10/8/2013 Taylor (Post #2) 0.46
11/5/2013 Taylor (Post #3) 0.021
5 additional samples collected 9/9/1311/5/13 from throughout the
watershed yielded no detections.
2014 8 samples collected 8/25/148/27/14 from throughout the watershed
yielded no detection# the field One sample was determined to be
contaminated in the lab, and lab records were subsequently correcte(
2015 8/11/2015 | Landsburg (Post #1) | 0.099
7 additional samples collected &J115 ¢ 8/24/15 from throughout the
watershed yielded no detections.
124852 2016 8/17/2016 Cedar (Post #1) 0.47
8/17/2016 Taylor (Post #1) 0.027
8/17/2016 Landsburg (Post #1) 0.036
5 additional samples collected 8/8/183/17/16 fromthroughout the
watershed yielded no detections.
2017 8/16/2017 \ Taylor (Post #1) 0.056
7 additional samples collected 7/24/X78/16/17 from throughout the
watershed yielded no detections.
2018 15 samples collected 8/27/1810/9/18 fromthroughout the watershed
yielded no detections.
125813 2019 9/4/19 Taylor (Post #1) 0.073
9/19/19 Taylor (Post #2) 0.059
16 additional samples collected 8/23/1910/25/19 from throughout the
watershed yielded no detections.
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Due to the likelihood of sefontamination insomesamplesprior to 2018 water sample
collection methods were improved in 2018 to minimize the paiarfor false positive results.

All baselinesamples were collected prior to any herbicide being applied in the CRMW. After
application, samples were collected wearing boots not worn during herbicide application and
with disposable gloves that were nosed near herbicide. Postamples were also collected

on days when no herbicide application was taking place, to reduce the chance of cross
contamination.Imazapyr is mobile in soil but unlikely to move through the environment until a
rain event occurs, Uass imazapyr directly enters waterways through dripping or drift.
Imazapyr also has a hdilfie of two to five daysn water(Mangels and Ritter 2000), so detection
rates can diminish after that perio®ostsamplesare nowcollected in accordance with ¢h
following criteria:

1 If spraying was conducted within 10 feet of a water body, samples were collected 24
hours later;

1 If spraying was conducted further than 10 feet from a water body, samples were
collected after a rain event; or

1 If no rain event occurie samples were collected within 5 days of application.

Several quality control samples were collected from Masonry Pool throughout the application
period, far upstream from any herbicide application within the watershed. Water quality was
tested extensively i2019 with 18 water samples collected froaugust23 through October5

at sixseparate locations (Figure.3)here wergwo detections of imazapyr in th2019water
samplesBoth detections were at Taylor Townsite. These detections were not surprising.
Eighteen of the 25 ounces, or 72 percent, of herbicide applied in 2019 were applied at Taylor
Townsite. SPU treated several large patches of knotweed that were located onrtke@ba

Taylor Overflow DitchAppendixAincludes a detailed risk assessment and literature review of
the latest available science on the environmental and human health effects of imazapyr

COSTS

The cumulative total cost (including staff and contractooladnd materials) to treat knotweed
with herbicide over approximately 28 acres annually from 2010 througl® 2@% nearly
$140,000. Approximate annual cost per acre to treat the knotweed with imazapyr has declined
from a high of $1,270/acre in 2010 to al@f $2%acre in 205. Treatment in 202 was
approximately $3%acre. This compares with a cumulative cost of nearly $200,000
($44,000/acre) to treat approximately 4.5 acres of small scattered patches by covering
knotweed with geotextile fabric, a treatnrmé¢ SPU tried experimentally from 2004 to 2012.
Covering was only marginally successful on very small patches. The larger patches were still
alive after more than eight years of continual covering. Fabric along active roads will be left
down indefinitely. Bbric was removed from isolated patches away from active roads and are
now spot treatedwith herbicide annually.

The total annual cost to treat knotweed with herbicide has decreased from a high of about

$32,000 in 2011 to a low of around $5,70@017. Costs increased slightly to nearlyp$00 in
2019 due to increased water quality testiramd the use of contractorgnd those additional
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costs will continue in the future. The annual costs will likely aveaagend$15,000 because
staff will needto continue to survey antteat all mapped knotweed populations for several
years until the knotweed is eradicated. The time and cost to continue to control knotweed
using imazapyr will be covered by the existing watershed Invasive Species Management
Progam budget and staff. Appendix A includes an evaluation of thetiemg financial and
environmental implications for knotweed control.
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CONCLUSION

LONGTERM IMPLICATIONS FOR KNOTWEED CONTROL

While knotweed biomass in the CRMW has decreased significantly since treatment began in
2010, there is still work to be done. Some knotweed patches appear to be eradicated, while
others still have small plantat persist year to year. In large sites such as the Rock Creek
Complex Education Centegnd Taylor Townsite, plants can go unnoticed for several years in a
row due to the shrubby understory anddismallsize of the patche®ecause of this, SPU
anticipates that knotweed control in the CRMW will be a ldagn management effort,

although the sites will continue to require less herbicide each year.

If left untreated, there is evidence thatamall amount of live knotweed present at treatment
sites can raurn to the original infestation level in as little as three seasons, eventually
surpassing the infestation levidlat waspresentbefore any investments in knotweed control.
Thisregrowthwould result in the loss of progress toward letegm knotweed contol,

increased future control costs, degradation of environmental quality, and the alteration of the
sustainable ecological services of invaded sitesddition, itcouldjeopadizethe extensive
ongoing restoration projects along the Cedar River downstream of Landsburg. As mentioned
above, longterm maintenance and control costd knotweed in the CRMW&hould be minimal.
However,an ongoing monitoring program is essential to ensineg all known knotweed is
eradicated water quality iprotected,and any newly discovered patches are treatdth
imazapyrbefore they have a chance to spre&bntrolling knotweed without imazapyr would
raise the costs to control knotweesiibstantially

ADDITIONAL INFORMATION

Reports detailingprevious knotweedreatmentsare available in the project plans and reports
section onCity of Seattl®@a 2 F G SNEAKSR | FoAGLEG [/ 2yaSNBF A2y t
http://www.seattle.gov/util/EnvironmentConservation/OQurWatersheds/Habitat Comwsgion
Plan/ManagingtheWatershed/StreamRiparianHabitatRestoration/Metrics/index.htm

For more information about the Watershed Invasive Species Program, see the Major
Watersheds Invasive Species Management Plan, available online:
http://www.seattle.gov/util/cs/groups/public/ @spu/@ssw/documents/webcontent/01 02901

7.pdf
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APPENDDPA: RISKASSESSMEMNITERATURE REVIEW

KNOTWEED RISKS AND CONTROL

Bohemian knotweedRolygonunx bohemicum poses a large threat to the health of both

habitat and water quality in the Cedar River Municipal Watershed (CRVW)primary goals

2F {SIGGfS tdwwftAO ! GATAGASA 6 highpualitylirking KS / wa 2
water supply and maintaiand enhance habitat for fish and wildlife, particularly salmon.

Studies have shown that knotweed has many negative impacts on native ecosystems. Removal

is difficult, and although SPU has tried multiple methods, the application of the herbicide

imazapyr las been found to be the most effective.

Risks Posed by Knotweed

Non-native invasive species are organisms introduced deliberately or unintentionally outside
their natural habitats, where they can dominate their new environments and locally eliminate
native species. They pose serious challenges to the conservation of native biodiversity, with
significantnegativeimpacts on the functions, goods, and services provided by ecosystems.
These ecosystem services inclulle production of clean water and the maertance of habitat
for salmon and other native fislandwildlife including birds, mammals, amphibians, and
insects.The management costd invasive specigaclude not only prevention, control, and
mitigation, but also the direct and indirect costs asated with the adverse impacts dhese
ecosystem services.

As is often the case with hybrids, the hybrid Bohemian knotweseslbeen found to be more
competitive and invasive than either of the parent species, Japanese knotWeeddpidatum
andgiant knotweed P.sachalinene) (Parepa et al. 2013). This hybrid is widespread throughout
the Pacific Northwest, and is the species found in the municipal watergtradng the

numerous invasive plant species present in the CRMW, knotigemte of the mat

threatening to native ecosystem functionin@nce knotweed becomes established, it forms
large monotypic stands that eliminate all native vegetatama are extremely difficult to
eradicate. It can reproduce from tiny root or stem fragments, which aaglity transported by
water, wildlife, and humans. If unchecked, stands continue to expand and provide propagules
that exacerbate infestations downstream and via other transportation routes.

Specifically, knotweed is known to:

1 reduce the amount and divetgiof native streamside vegetation through competition
for light and nutrients (Urgenson et al. 2012)

1 eliminatenative vegetation throughsecreted chemicals that are toxic to other plants,
also known asllelopathy (Murrell et al. 2011);

1 change the soihutrients and alter soil nutrient cycling, affecting the growth and
development of native plant species and insects living in the soil (Urgenson et al. 2009);

1 decrease the abundance and richness of both native plants and native invertebrates
(Gerber et al2008);
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alter the quality, quantity, timing, and chemistry of leaf inputs into riparian areas and
streams (Claeson et al. 20X3aeson and Bisson 201&genson et al. 2009, Urgenson
2006)

1 destabilize stream banks, changing the patterns and amountisesraside erosion and
sediment input into streams, decreasing habitat quality for fish and other aquatic
animals(Parkinson and Mangold 201Ring County 2035

1 provide little or no food or nesting habitat for native birds and mamn@&rkinson and
Mangold 2010King County 20}5and

1 modify the microclimate, making the area inhospitable to many native wildlife species,
including reducing amphibian foraging succgdaerz et al. 200b

Because knotweed inhibits native treeedling establishment in riparian zones (Urgenson et al.
2012), it can also affect future large woody debris recruitment into streams, significantly
affecting channel dynamics and fish habitat, potentially negatively affecting state and federally
listed fish species (NMFS 2010).

Claeson et al. (2013) compared knotweed litter with native red algns rubra and black
cottonwood Populus balsamiferasp.trichocarpg. They found thaslthoughsenesced

knotweed leaves were lower in nitrogen and phosphomusd higher in cellulose, fiber, and

lignin content than alder leavethey had many similarities toottonwood leaves. Fungal

biomass differed amondgll threespecies and changed over time. Macroinvertebrate shredders
collected from experimental leaf pks after 31 days were proportionately more abundant on
alder leaves than knotweed and cottonwood. Decay rates were not significantly different
among leaf species, but during the first 31 days alder broke down faster than knotweed. After
56 daysall the leaf packs were mostly decomposed. Overall, the major discrepancies between
leaf species were those related tioe initial structural and chemical qualitf leaf litter.

However, changes in the timing and quantity of litter inputs are important factors to be
considered in understanding the impact of invasive knotweed on stream ecosystem processes.
Bohemian knotweed dropallits leaves in a three to four week period witte first hard frosts

of late fall whereasative deciduous shrubs and treesthe Pacific Northwesdrop the

majority of their leaves in the fall over a two to three month period, and coniferous trees shed
litter over even longer time periods. StudisEngland and France also found that aquatic
hyphomycete and invertebrate assembladleat breakdown organic mattediffered between
stream sites with and without knotweed (Lecerf et al. 2007).

Maerz et al. (2005) studied the effects of knotweed on grigegs Rana clamitankin

terrestrial fields near wetlands. Frogs were allowed to forage in feeding buckets along transects
that traversed ground fronknotweedfree to knotweeddominated areas. They found that

change in frog mass declined significantlyngléransects, with most frogs knotweedfree

plots gaining body mass and no frogs in knotw@edded plots gaining mass. It was noted in

the discussion that many factors would have been involved in the foraging activity of the frogs,
but their results éd them to hypothesize that knotweed invasions indirectly degrade terrestrial
habitat quality for frogs by reducing arthropod abundance. Their study of vegetation structure
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and composition on the test sites showed that diverse assemblages of native fhlants
covered norinvaded plots were absent from areas invaded by knotweed.

Knotweed Control Options

Due tothe scale of spread of knotweed and the extreme difficulty of control by physical means,
The Nature Conservancy (2002) has recognized that herbisitleften need to be the

primary means of control. Most cities and counties in western Washington are using herbicide
to control knotweed, including both upland and riparian areas. Scientists from the Washington
State Extension Program and the King Cypidxious Weed program have found that imazapyr
is the safest and most effective herbicide for treating knotweed, resulting in the highest
mortality and using the smallest amount of chemical (King County 2015; Dr. T. Miller, pers.
comm. 2014). Most land nmagers throughout western Washington are now using targeted
foliar spray of 1 percent imazapyr on knotweed, as it is currently the least toxic and most
effective option.

Imazapyr is a noselective herbicide used for the control of a broad range of inegsiants
including terrestrial annual and perennial grasses, broadleaved herbs, woody species, and
riparian and emergent aquatic species. It can only be applied as a foliar spray (not stem
injection). Only glyphosate, which has higher toxicity than imazaigycertified for use with

stem injection. Experience has shown that the stem injection method typically uses about five
times more herbicide than foliar spraying, with no greater knotweed mortality rates. The
advantage of using stem injection can be éwwnortality to adjacent native plants. However,
when foliar spray is correctly applied, therensimaldamage to adjacent plants.

Knotweed Control in the Cedar River Municipal Watershed

SPU focuses on being effective stewards of the municipal watefahdd and resources it

owns or controls. Restoring and maintaining healthy forests, wetlands, streams, and lakes in the
municipal watersheds that supply Seattieea residents with drinking water is a priority for

SPU. It is these healthy ecosystems thawjde the abundant and highuality drinking water

on which the citizens of this region deperrtotecting water quality for human use also

protects resources used by other species. Lands of the CRMW are managed undeydiae 50
Habitat Conservation PIgiCP), which requires that SPU promote and protect native diversity

of plants and animals.

SPW &econdary Use Policies, adopted by Ordinance 11d4682nacted in 1989prohibits the
use herbicides (i.e., pesticides designed specifically to be toxic to plants) in the CRMW. The
intent was to stopghe broadcast spraying of herbicide to control vegetation along forest roads,
a typical forest management technique at that time. This waasr o the widespread

recognition of the damage that certain ngrative invasive plants carave onecosystems and
water quality.

SPU attempted to control a total of 4.5 acres in the CRMW by continual covering with
geotextile fabric for eight years (200drbugh 2012). This expensive (greater than $200,000)
attempt was successful only on the smallest patcls#sce 2008, SPU, King County, and
Forterra have received over $1,30,000 in grants for programs to control this destructive plant
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and restore ripariarareas along the Cedar River below Landsburg. They have worked along a
total of 19 river miles, using herbicides to treat knotweed scattered over 105 acres of riparian
habitat. They have planted over 20,000 native plants, worked with 368 landowners and
engaged over 900 volunteers (StewardshipAction 2014). Continued upstream control in the
CRMW is essential to the success of these extensive efforts to control knotweed downstream
and restore critical habitat used by salmon and numerous other wildlife epeci
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IMAZAPYR TOXICITY AND RISKS

Imazapyr inhibit@n enzyme and amino acid synthesis found onfylamtsandis thus classified

as a Category Il (low toxicity) herbicide by the US Environmental Protection Agency (EPA)

(2006). Imazapyr has relativebw toxicity to mammals, showing low toxicity if individuals get
NE&ARdIzZSE 2y GKSANI a1AyZ YR @OSNB f2¢ G2EAOAGE
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Most of the toxicology studies are unpublished reports submitted to the EPA as part of the
registration and reregistration process. This can potentially be a concern of bias. But, as stated
in Durkin (2011), this concern is largely without foundatioodaese there are strict guidelines
developed by the EPA for conduct and reporting of studies. In addition, these types of studies
are conducted under Good Laboratory Practices, an elaborate set of procedures involving
documentation and independent qualitpitrol and quality assurance that typically exceeds

that required of open literature peereviewed publications. Finally, the EPA reviews each study
for adherence to their guidelines and practices.

Imazapyr Risks to Human Health

Human health risk is evaluated in relation to toxicity testing on mammals. As reporteg Ay

(2006) and reviewed in Durkin (2011) aARIEC (2009), the acute oralssethal dose at

which 50percent of the test subjects die) is greater than 5,000 mg/kg for mammals. This is the
highest dose tested, but that dose still did not achieve a 50 percent mortality in laboratory
animals. Spa definitive mammal Lfgwas not able to be determined. Tharonic dietary No

Observed Adverse Effect Level (NOAEL) is 10,000 parts per million (ppm) in dogs, rats, and mice.

Severamulti-generation reproductive and developmental studies were conducted, and none
indicated any adverse effects on reproductive cafyast normal development. Results of

assays for carcinogenicity and mutagenicity are consistently negative, so the EPA categorizes
imazapyr as Class E: evidence of-narcinogenicitf{EPA 2006 TheEPA human health risk
assessment for imazapyr finds nedpoints of concern associated with systemic toxic effects

for either acute or chronic exposures (Durkin 2011). Available data indicate that orally
administered imazapyr is well absorbed, andst ofthe dose is rapidly excreted unchanged in
urine and fecs (Durkin 2011). No endocrine or immune system effects were observed. Only
one study of very high intravenous doses showed any signs of neurotoxicity (AMEC 2009). No
other studies showed any neurotoxic effects.

Some clinical case reports of human intenab(attempted suicide) or accidental ingestion of
large amounts of the formulation Arsenal are reported in the open literature. The reported
signs and symptoms of imazapyr poisoning included vomiting, impaired consciousness, and
respiratory distress requimg intubation (Leet al. 1999). The respiratory distress was likely due
to aspiration from vomiting and not from the imazapyr. There are no reports of human fatality
due to large amounts of imazapyr ingestion. (Durkin 2011).

Studies on effects of acute dermal exposure, up to 2,000 mg/kg, were not associated with any
signs of systemic toxicity (AMEC 2009). When risk characterization for workers was computed,
even at the highest application rate modeled, the upper range of liagaotients was below
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the level of concern by a factor of 8.5 (AMEC 2009). Imazapyr is reported as a mild skin irritant
and mild eye irritant. Two studies of 99.3 percent imazapyr powder (acid) administered directly
into the eye found severe and irreveri@teye damage (Durkin and Follansby 2004). Because
only dilute liquid and not concentrated powder is used in general herbicide application, this
finding was not considered relevant to the risk assessments (Durkin 2011).

Dr. Allan Felsota weltknown and espected toxicologist and professor of environmental
toxicology at Washington State Universiiyepared a worstase scenario for this project in
which the entire maximum annual amount of herbicide usedbthe knotweed in 2015 in the
CRMW (not just tat within the hydrographic boundary) was put directly into Lake Youngs, the
municipal water storage lake. That would result in a concentration of 26.6 parts per trillion of
imazapyr. He assumed no breakdown of the chemical and evaluated the human h&atth ri
this concentration in the drinking water. His data showed that this concentration was at least
60,000,000 times lower than the dose found to cause no adverse effects on a human child.

Imazapyr Risks to Wildlife

In both 2005 and 2011 risk assessn®itite US Forest ServifgSFS) found that no adverse
effectsare likely to occur for a variety of mammals and birds with spraying at a typical
application rate (Durkin 2011, Bautista 2005judies evaluated both acute (single) and chronic
(extending ovethe average species lifetime) exposures. Test animals included small mammals
such as mice, small insectivorous mammals, both large and small herbivorous mammals,
medium carnivorous mammals, figating birds, herbivorous birds, predatory birds, and
insectvorous birds. Studies indicate that imazapyr is rapidly excreted in urine and feces by
mammalian systems, with no bioaccumulation in the liver, kidney, muscle, fat, or blood (Soll
2004, Milleret al. 1991).Although herbicides contain inert ingredients ttae considered
proprietary, these toxicity tests were performed on the entire formulation, not just the active
ingredient, indicating that the inert ingredients likely have low toxicity as well.

A peerreviewed field study found that there were no advemsffects on benthic

macroinvertebrates (including invertebrate biomass, community composition, and deformities)

at rates as high as 100 times that of normal applications (Fowlkes et al. 2003). Another peer
reviewed study tested the embryos of zebra fiBfagio rerig in an extremely sensitive in vivo

6SadG F2NJ GKS STFFSOGta 2F SYyR2ONAYyS aeaiaSy Reats
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Trumbo and Waligorg2009) in an acute toxicity stuay bullfrog tadpolesRana catesbeiana

a surrogate for native amphibians, found the’t(@thal concentration in water in which 50
percent of the subjects die) for imazapyr was 1,739 mg/L. Any concentration over 100 mg/L is
considered practically netoxic. This extremely high concentration required to achieve 50
percent mortality indicateshat imazapyr has very low toxicity to the tadpoles.

In a toxicity study directed at the Oregon spotted fr&afa pretiosy listed as federally
threatened, Yahnke et al. (2013) exposed juvenile spotted frogs to tank mixes of imazapyr
(aquatic formulation, surfactant (AgrDex), and dye for 96 hours at concentrations associated
with an application rate of up to 96 oz/ac. Following exposure, the frogs were reared for two
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months. No mortalities or changes in feeding behavior, growth, or body and livertiomsdi

were found. The tank mix used in the study (aquatic formulation and2ex) is the same one
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imazapyr directly to water.

In another amphibian toxicity study, Hay and Shanaman (2007) conducted a risk assessment
of imazapyr to the California rdédgged frog Rana aurora draytonij also federally listed as
threatened. They found that no direct adverse effects were expected for either the aquatic or
terrestrial phase of the frog. They also found no indirect adverse effects through food sources.

A recent study compared the relative sensitivity of amphibians and fish to over 50 different
chemicals (Weltje et al. 2013). They found that for both acute and chronidiségsi

amphibians and fish had very similar responses. So recent concern that amphibians may be
more sensitive to various chemicals than fish may be unjustified.

Imazapyr Risks to Pollinators

Europearhoneybee(Apis mellifera Colony Collapse Disorder (@ a major concern in

western Washington, as well as throughout the country and world. Since the disorder was first
named in 2007, population declines in Européameybeesnative bees, and other pollinators

have continued. Native bumble bebkavesuffered significant range restrictions and reduced
abundance (Hatfield et al. 2012). These pollinator declines have a significant negative effect not
only on agricultural crop production, but also on native plant reproduction and native
biodiversity.

Recently neonicotinoid insecticides (insecticides are pesticides specifically designed to be toxic
to insects) have been identified as likely contributors to the population declines (Hopwood et
al. 2012). Unlike earlier insecticides, they are kagjing compouds that can be systemic

within the plant (including pollen and nectar) and are now extensively used both in agriculture
and by homeowners. Several of these types of insecticides, including imidacloprid, the most
widely used neonicotinoid product, are toxt high doses to bothoneybeesand bumble bees
(Schmuck et al. 2001). Data for chronic low dose exposures are less clear. It may or may not
cause mortality, depending on specific factors and conditions. However, it still may cause
sublethal alterationsn navigation, learning, and foraging activity (Han et al. 2010, Decourtye et
al. 2003).

Although no direct link has been demonstrated between neonicotinoids and CCD, it is likely one
of several major contributors and stressors. Other contributors likeljde disease, parasitic

bee mites (includinyarroa mite) and miticides used to control them in the hives, fungus and
fungicides, nutrition, and synergistic effects between the stressors (SaiBeherand Goka

2014, Johnson et al. 2010). In their riskemssnent of pesticide residues and bees, Sanchez

Bayo and Goka (2014) reported that a total of 161 pesticides have been fobedhives of

which 83 were insecticides, 40 fungicides, 27 herbicides and 10 acaricides. Of the 49 most
common compounds, six we herbicides, and none included imazapyr. Johnson et al. (2010)
listed 121 pesticides found in apiary samples of wax, pollen, bees, and honey, and imazapyr was
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not among them. Likewise, Wu et al. (2011) found 39 pesticides in brood combs, of which only
two were herbicides and neither were imazapyr.

The primary cause of bee poisoning is highly toxic insecticides with residual toxicity longer than

y K2dzZNA® | 220Sy SO Ff® ownmol y28Sa GKFG auKS
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Imazapyr is not included in the 150 active ingredients most likely to cause bee toxicity (Hooven

et al. 2013).

Imazapyr toxicity to humans and animals discussed above apdiespo insects. Because
imazapyr inhibits enzymes found only in plants, it has very low bee toxicithorteybeewas
tested for toxicity during the initial toxicity studies (Atkins 1984, Atkins and Kellum 1983, cited
in Durkin 201}, where the LE» for both oral and contact toxicity studies was greater than
0.1mg/bee (or greater than 1,000 mg/kg of body weight). This is similar to the NOAEL values
reported for mammals and birds. As with mammals and birds, they were unable to reach an
LDy level at he highest doses tested (i.e., less than 50 percent of the test subjects died).
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butterfly (Apodemia virgul)i, one of which was imazapyr. They used the terredtighulation

(which includes surfactant) and the maximum legal allowable dose (96 oz/ac, compared to
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stages between molts) while they were on buckwheat. In @it they sprayed only the

buckwheat, then fed it to the larvae. All three herbicides reduced the number of individuals
reaching the pupal stage by 24 to 36 percent. Because each herbicide had a different mode of
action, the authors stated that the effextvere likely due either to inert ingredients or indirect

effects on food plant quality, rather than direct toxicity from the herbicides. Stark (2015 pers.
comm.) stated he knew of no ongoing or planned studies looking at the effects of imazapyr on
bees orother pollinators. In 2015, the Pesticide Program Director for the Xerces Society for
Invertebrate Conservation (A. Code pers. comm.) also knew of no research looking at toxicity of
imazapyr on pollinators. There are no published data to indicate thahdkecontact or

ingestion of imazapyr by bees or other pollinators causes any toxic effects, lethal or sublethal.
Because past research has not found any significant toxicity of the herbicide imazapyr to bees,
researchers are focusing on insecticides, mainyhich are highly toxic to pollinators, as

discussed above.

Herbicides can indirectly affect pollinators if they remove a significant portion of their food

sources. This can be a concern with knotweed, as large flowering patches can be used

extensively [ bees. In the municipal watershed, SPU bends large canes prior to the first
KSNDAOARS GNBIFGYSyids GKSy GNBIFGa GKS NBINRBgUK
CRMW is that after the first herbicide treatment, the knotweed abgueund biomass is

greatly reduced, and only an occasional isolated plant might produce a few flowersaoBut

plants do not flower in subsequent treatment years. This was confirmed by several other land
managers in western Washington at knotweed working group meeting816.2f pollinators

are observed on knotweed before spraying, spraying is delayed to a time of day where
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pollinators are not present, or after the flowers have gone to seed. This method is consistent
with the King County Noxious Weed Control Program, wini@®915 clarified its already existing
practices for treating knotweed with herbicide and potential effects on pollinators. In their
updated Best Management Practices for Knotweeds brochure (King County 2015), they state
that they avoid spraying knotweeglhen bees or other pollinators are present whenever
feasible.

SPU shares the concern about pollinator population declines. Consequently, SPU is planting a
range of native flowering plants whenever appropriate during CRMW restoration projects,
including retoration of sites formerly dominated by knotweed. SPU chooses a variety of native
plants that have different flower colors and shapes, with flowering periods that vary

throughout the growing season, providing nectar and pollememypollinator species,

focusing especially on native bumble bees (Hatfield et al. 2012). This diversity of native species
should provide better native pollinator habitat than the invasive knotweed, which flowers for a
single short period during late summer or early fall, depegdin weather, elevation, and site
specific factors such as soil type and moisture
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IMAZAPYR CHEMISTRY

Imazapyr is the common name for the chem§,5-dihydro-4-methyt4-(1-methylethyl)

50x0-1H-31 imidazol2-yl]-3-pyridinecarboxylic acid. It is sold der numerous trade nameand

has both terrestrial and aquatic formulations. The aquatic formulation does not include
surfactant. Several studies have found that the surfactant in terrestrial glyphosate formulations
may be more toxic to amphibians than theain ingredient itself (King and Wagner 2010,

Relyea and Jones 2009, Cauble and Wagner 2005). There is concern that this may also be true
for imazapyr formulations. For this reason, SPU always uses the aquatic formulation of
imazapyr and mixes with the Isttoxic surfactant available.

Imazapyr Mode of Action

Imazapyr is absorbed quickly through plant foliage and can also be taken up byltrisots.

moved readily within the plant to the growing meristematic tissues, where it inhibits the
enzymeacetolactate synthase (ALS) (Tu et al. 2004). ALS is required for the synthesis of three
essential amino acids required for protein synthesis and cell growth in the plant (valine, leucine,
and isoleucine). Only plants have ALS and produce these three amds) animals must

obtain them from their diet. Because animals do not synthesize these amino acids, imazapyr is
specifically toxic to plants and has low toxicity to humans and other animals (including
mammals, birds, fish, and insects) (MassachusetfsaBment of Environmental Protection

2012, Durkin 2011, Bautista 2005, Durkin and Follansbee 2004). The rate of plant death is
usually slow (several weeks) and is likely related to the amount of stored amino acids available
to the plant.

Imazapyr BreakdowrProcess and Byproducts

The halflife of imazapyr in soils in the field have been has been reported to be as short as 10
days to as long as 17 months in humid temperate climates, depending on soil type and particle
size, pH, temperature, moisture contemind organic material content. Because imazapyr is
water-soluble, it can move in soil and can potentially enter the ground water. However, the
amount of imazapyr movement depends on the soil pH. Below pH 5, the adsorption capacity of
imazapyr increases arnts movement in soils is limited (Soll 2004). Most forest soils in western
Washington are acidic, with soils under Douglagenerally below pH 6, and soils under red

alder (common in riparian areas) below pH 5 (pers comarlene Zabowski, soil science
professor, University of Washington).

Imazapyr is degraded slowly in soils primarily by microbial metabolism. It will undergo rapid
photodegradation (breakdown by sunlight) in water, but there is little to no photodegradation
of imazapyr in soil, and it ot readily degraded by other chemical processes. Imazapyr does
not bind strongly with soil particles and, depending on soil pH, can be neutral or negatively
charged. When negatively charged, imazapyr remains available in the environment for
continued uptike by the target species until it is degraded by soil microbes.

Imazapyr is water soluble and is broken down by sunlight in water, with a reportetifbatf
water as short as two days (Soll 2004), but no longer than five days (EPA 2006). A study of the
persistence of imazapyr associated with smooth cordgrass control in an estuary in Willapa Bay,

A-10



Washington, found hallives were less than 0.5 day in water and 1.6 days in sediment (Patten
2003 Pless 2006

In water, imazapyr initially photodegradesregi @ (2 (62 LINAYIF NBE 0@ LINERdz
a/ [ dwminyddrxyfaral[3,4b]pyridine5(7H) and 2,3yridinedicarboxylic acid). According to

the manufacturers, CL119060 is biologically oxidized to CL 9140, and eventually mineralizes to
carbon dioxide (CB) following the cleavage of the pyridine ring structure. Both imazapyr

degradation byproducts rapidly degrade, with half lives of two to five days (Mangels and Ritter

2000 Wisconsin Department of Natural Resources 2012

Dr. Felsot, referenced above ine Imazapyr Risko Human Health section, was asked about

the potential toxicity of breakdown byproducts. He said that all these byproducts are
biodegradable. When the formulation is given to test animals in high doses, they result in
similar breakdown byroducts within the animals as would occur in the environment. Indeed,
these breakdown byproducts are even more bioavailable than any that would occur in the
environment because they are already in systemic circulation within the animal. In the
environment bioavailability is limited by interactions with solid surfaces, such as soil, sediment,
plant waxes, etcThus, these breakdown byproducts, if toxic in and of themselves, would have
affected the physiology of the test animals. Yadtthe listedbyproductsdo not cause acute

toxicity at environmental levels of exposure. In fact, none of the byproducts even cause chronic
or subchronic toxicity at levels of environmental exposure.
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IMAZAPYR ADJUVENTS

Adjuvants are compounds added to tfemulation or the spray mix to improve its

LISNF2NXYIF yOS® ¢KSe& Oly SyKIFIyOS (GKS FTOlA@AGe 27
adjuvant, including surfactants) or offset any problems associated with its application (special
purpose or utility moditrs such as defoamers). On the label, these compounds are often called
GAYSNIé 2N a20KSNJ AYAINBRASy(Gaé¢od {dzNFIFOGFyGa |
more effective by increasing absorption into the plant by lowering the surface tensiorebatw

the liquid herbicide formulation and the solid leaf surface. Adjuvants can make a significant
difference in how well the herbicide treatment works. Adjuvants present in terrestrial

formulations generally include both inert ingredients and surfactaditsc(ssed separately

below). Those in aquatic formulations include inert ingredients, but not surfactants.

Inert Ingredients

Formulations of herbicides often contain proprietary carriers and otheDsof £ SR G Ay S NI £
ingredients that are usually not idengfil on herbicide labelS'he EPA now uses the term

G20KSNJ AYINBRASY(Ga¢ NIGKSNI GKIYy GAYySNIé¢ G2 RS
added to a formulation but have no inherent herbicidal activity. Inert ingredients (inerts) are

most often added tdhe formulation to facilitate its handling, stability, or mixing.

Inerts and surfactants are not under the same registration guidelines as the active ingredients
in pesticides. The EPA classifies these compounds into four lists based on the availabje toxi
information:

T [A&0d MY GAYSNIA& 2F G2EAO2t23A0Ft 02y OSNYé
T [A&0 Y aLRGSyGAlIfte G2EAO AYSNI&S KAIK LN
T [AdalG oY GAYSNIa 2F dzyly26y G2EAOAGRE

T [A&aG nY GYAYAYFf NRai]l AYySNIaé¢d 2N aAySNIia ¥

conclude that their current use patterns will not adversely affect public health or the
SYGANRYYSyYy (¢
If the compounds are not classified as toxic, then all information on them is considered
proprietary and the manufacturer need not disclose their identity.

The idenity of inert compounds used in imazapyr formulations is generally confidential, but
Syracuse Environmental Research Associates reviewed them, using the Freedom of Information
Act, for preparation of risk assessments conducted for the IS#E&in 2011 Bautista 2005,

Durkin and Follansbee 2004hey conducted very comprehensive searches of the literature

and used peereviewed articles from public scientific literature, current EPA documents

available to the public, and Confidential Business InformatioeMaluate toxicity and risk from

the herbicides analyzed. No apparently hazardous materials were identified in the review of the
inerts used in either the terrestrial or aquatic formulations of imazapyr.

The Northwest Coalition for Alternative to Pestesdobtained information on inert ingredients

in the formulation Arsenal (aquatic formulation) under the Freedom of Information Act and
posted it on their website. The only inert listed other than water is glacial acetic acid (defined as
anhydrous or watefree acetic acid, i.e., undiluted). Dilute acetic acid, the major component in
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vinegar, is an approved food additive and is classified as a Generally Regarded as Safe
compound (AMEC 2009).

Surfactants

There are several types of surfactants, including-roamc which form stable emulsions, -oil

based or methylated seed oil concentrates, organosilicon, and nitrogen containing compounds.
They are usually proprietary blends of heampge paaffin-based petroleum oil, polyol fatty

acid esters, and/or polyethoxated derivatives thereofThey improve pesticidapplication by
modifying the wetting and deposition characteristics of the spray solution, resulting in a more
even and uniform spray deposit on the leaves of the target species.

In toxicity tests on rainbowrout performed by the Washington Cooperative Fish and Wildlife
Unit at the University of Washington, Addex was found to be by far the least toxic surfactant
tested (Smith et al. 2004). In their laboratory tests it took 271 ppm, or a concentration of
greater than 1000 mg/L, for an LC50 dose (the concentration at which 50 percent of the test
subjects died). This compares to only 6 ppm fdrlR17 ppm for LI700, and 74 ppm for Hasten.
They also studied the relative concentrations of the surfactantslatiom to water depths
expected in the field. Even at the maximum allowed concentration ofDexiof 5 percent
(more than 5 times that used in knotweed control), a trout stream would have to be sprayed
directly and be less than 5 mm (or about ¥4 inch)pdeeorder to reach the LC50 concentration
for trout. Clearly trout could never survive in such shallow water, so in practice no mortality
would occur.

The 2008 Material Safety Data Sheet for Ak reports that it is expected to be adsorbed to
soil andshould be biodegradable. Bioaccumulation is unlikely due to the low water solubility of
the product. Animal toxicity data for similar products required very large doses (greater than
2,000 mg/kg) to cause mortality, showed low inhalation toxicity, and \peaetically non

irritating to skin and eye in tests on rabbits.

The Washington State Department of Agriculture requires aquatic toxicity tests if a surfactant is
labeled for aquatic use in that state. In 2012 they summarized the aquatic tmutgy data

for adjuvants allowed for use on aquatic sites (WSDA 2012). Of the 25 products reviewed, Agri
Dex had by far the least toxicity to rainbow trout and daphnids (LC50 of greater than 1000
mg/L). Consequently, SPU uses Ak (0.5 to 2 percengs the surfactant mixed with the

aqguatic formulation of imazapyr to treat knotweed in the Cedar River Municipal Watershed. All
available data continues to indicate that this combination is the least toxic option.
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APPENDIX B: SITE RESTORATION

Ensuring knotweed treatment sites are repopulated with native plants following treattise

the most effective method for preventing Hiafestation of knotweed and other invasive plants.

{t!'Qa 3J2If A& (G2 NBaG2NB FINBFa F2NN¥YSNIe 200dzd
ecosystems dominated by a variety of native trees and shrubs. Ti@aton will both

increase resistance to future invasions by aative species and provide high quality habitat

for native wildlife, including birds, mammals, amphibians, and insects. Most large sites formerly
occupied by knotweed became infested witther nonnative invasive species after treatment.
Consequently, these sites need continued restoration work, including removal of other invasive
species and planting native trees and shrubs. The two largest knotweed sites, the Education

Center and Taylorolvnsite, have been actively restored since 2013.

EDUCATION CENTER RESTORATION

In 2013, the norprofit group Friends of the Cedar River Watershed (FCRW), in conjunction with
SPU, received ayear King Conservation District (KCD) grant totaling $46,0@tore the

formerly knotweedinfested area near the Education Center to native trees and shrubs. The
grant funded several volunteer events and six weeks of Washington Conservation Crew (WCC)
time spread over the five years, from 2013 through 2017. b4 &laded the purchase of
approximately 2,800 native plants. In 2015, FCRW dissolved and Forterra assumed
management of the grant.

From 2013 through 2017, SPU and FCRW staff, volunteers, and WCC crews cleared the
Education Center site of invasive Himalagad evergreen blackberrnR(bus armeniacusnd
Rubus laciniatys English ivyHedera helix black locustRobinia pseudoacadgiafoxglove
(Digitalis purpureg mullein ¥erbascum thapsysScots broomGytisus scoparijisand

birdsfoot trefoil (otus coniculatug that had invaded the area formerly dominated by
knotweed. SPU staff designed seven planting zones, each with differeAteiongyoals and
specific planting plans (Figure B1). A total of 204 native overstory trees (seven species), 3,397
small tees and shrubs (31 species), and 486 forbs (five species) were planted during these
years (Table B1). In addition, volunteers and contractors moved several hundred yards of
mulch, surrounding each native planting with mulch to help suppressnatine weels and
provide more growing space for the plantings. SPU will continue planting native species, as
needed, both from purchased stock and from transplanting appropriate species from nearby
sites in the municipal watershed visual record of Education Centenotweed response to
treatment and site restoration from 2010 through 2017 is found in Figures B2 through B17.
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Table B1. Species and Number of Native Trees and Shrubs Planted at the Education (
2013¢ 2017.

Overstory Trees

Bigleaf maple Acer macrophyllum 15 | Sitka spruceRicea sitchensjs 40
Black cottonwoodRopulus balsamifera Western hemlockTsuga heterophylla 29
ssp.trichocarpg Western redcedarThuja plicata 50
Douglasfir (Pseudotsuga menzieksii 30 | Western white pineRinus monticola 25
Total trees planted 204
Small Trees and Shrubs
Baldhip roseRosagymnocarpa 155 | Red osier dogwoodJornus sericga 200
Beaked hazelnuQorylus cornuta 70 | Redflowering currant Ribes sanguineum 135
Bitter cherry Prunus emarginatp 50 | Redstem ceanothuCganothus sanguineus 50
Black hawthorn@rataegusiouglasi 50 | Salal Gaultheria shallon 5
CascaraRKrangula purshiana 125 | SalmonberryRubus spectabilis 60
Indian plum Qemleria cerasiformjs 80 | ServiceberryAmelanchier alnifolip 75
Kinnikinnick Arctostaphylos uvarsi 54 | Snowberry $ymphoricarpos alblis 135
Mock orange Rhiladelphus lewigii 25 | Spirea §piraea douglagii 65
Nootka rose Rosa nutkanp 145 | Sweet galeNlyrica galg 20
OceansprayHolodiscus discolpr 186 | Tall Oregon grapeMahonia aquifoliun 180
Pacificcrabapple Malus fusca 25 | Thimbleberry Rubus parviflorgs 120
Pacific ninebarkRhysocarpus capitatis 125 | Twinberry Lonicera involucrada 150
Pacific rhododendronRhododendron 50 Vine maple Acer circinatum 235
macrophyllum Willow,| 2 2 1 SaliXhéokeriana 100
Peafruit rose Rosa pisocarpa 120 | Willow, Pacific$alix lucidasp.lasiandrg 230
Red elderberry$ambucus racemo¥a 57 | Willow, Sitka $alix sitchensjs 320
Total small trees and shrubs planted 3397
Forbs
Fern,deer Blechnum spicat 75 | D2 I ( QaAnm&is ditRys 6 165
Fern, oakGymnocarpium dryoptefis 75 | Spreading dogbané\pocynum 5
Fern, swordRolystichum munitum 165| androsaemifoliun
Total forbs planted 486
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Figure B2Knotweed before initial 2010 treatment. if@ot tall knotweed covered the entire site.
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